One sentence summary: Gut bacterial communities of Aedes aegypti shift in response to host blood-meal source.
INTRODUCTION
The growing awareness that insect-associated microbes provide beneficial roles to their hosts has ignited a plethora of research questions on insect-microbe interactions and how these interactions could be exploited as novel tools for controlling insectborne diseases. These studies have reached new levels of appreciation due to recent advances in high-throughput sequencing technologies that have made it possible to characterize and identify microbial species within complex communities (Wang et al. 2011; Moran et al. 2012; Duguma et al. 2013; Yun et al. 2014) . Bacteria are the most studied component of insect-associated microbiota and insect hosts may rely on close associations with specific bacteria for critical life processes such as nutrition, reproduction, aggregation and defense against toxins and natural enemies (Douglas 1998; Pais et al. 2008; Sabree, Kambhampati and Moran 2009; Kikuchi et al. 2012; Brune 2014; WadaKatsumata et al. 2015) .
As the most diverse group of organisms in the planet, insects occur in extremely diverse ecological environments and exploit a wide range of food resources as direct or indirect herbivores, predators and scavengers. Many studies have revealed that insect-associated microbiota can vary markedly both within-and between insect species but the causes of these variations remain poorly understood. While factors such as host environment, age, life stage and infection with parasites and pathogens can all shape the pattern of insect-associated microbiota (Wang et al. 2011; Zouache et al. 2011; Boissiere et al. 2012; Osei-Poku et al. 2012; Zouache et al. 2012; Muturi et al. 2016a) , there is strong evidence that diet is one of the most important factors influencing the composition of insect microbiota (Broderick et al. 2004; Chandler et al. 2011; Wang et al. 2011; Yun et al. 2014; Muturi et al. 2016a) . For example, Yun et al. (2014) found higher diversity of gut bacteria in omnivorous insects compared to carnivorous or herbivorous insects. Similarly, when taxonomically and geographically diverse Drosophila populations harboring different gut microbiota were fed on the same type of food, they later exhibited similar communities of bacteria in their guts (Chandler et al. 2011) . These studies have provided useful insights into the impact of host diet on microbial communities but there is still much to be learnt with regard to the impact of host diet on insect microbiota. Among the hematophagous insects for example, it is still unknown how blood meals from different vertebrate host species affect the microbial communities of the host insect. This knowledge is fundamental for understanding the impact of insect diet on microbial communities since it is typical for individuals of the same population of hematophagous insects such as mosquitoes, biting midges, horse flies and black flies to bloodfeed on different species of vertebrate hosts (Simmons, Edman and Bennett 1989; Apperson et al. 2004; Muturi et al. 2008; Bartsch et al. 2009; Baldacchino et al. 2014) .
Mosquitoes are important vectors of numerous viral and parasitic diseases of medical and economic significance and provide an excellent example of insects that exhibit complex feeding habits. They have aquatic larval stages that feed on microbial communities associated with decaying organic matter (Walker et al. 1991; Merritt, Dadd and Walker 1992) , a non-feeding aquatic pupal stage, and a terrestrial adult stage that feed on plant sugars (Foster 1995; Gary and Foster 2004; Manda et al. 2007a,b) . In addition, adult females of many mosquito species feed on blood to initiate an endocrine cascade that is needed for egg maturation and oviposition. Some mosquito species are opportunistic blood feeders while others show preference to blood-feed on specific vertebrate host species such as humans, bovine, birds and amphibians (Beier et al. 1990; Niebylski et al. 1994; Mbogo et al. 2003; Mwangangi et al. 2003; Apperson et al. 2004; Faraji et al. 2014) . However, it is common for a particular mosquito species to blood-feed on non-preferred vertebrate host species if the preferred vertebrate host species is not readily available or accessible (Apperson et al. 2002; Apperson et al. 2004; Muriu et al. 2008; Muturi et al. 2008; Muturi et al. 2009; Faraji et al. 2014) .
Despite the well-documented heterogeneity in mosquito blood feeding patterns, it is largely unknown how host bloodmeal source influences the composition and diversity of mosquito microbiota. In Ixodes pacificus ticks, the composition and richness of whole-body microbiota was strongly influenced by host blood-meal source (Swei and Kwan 2017) . In this study, we used MiSeq sequencing of the 16S rDNA gene to examine how host blood-meal source affects the gut microbiota of Aedes aegypti. Adult females of Ae. aegypti were fed on one of three host blood meal types (human, rabbit or chicken) and their gut microbiota compared to those of sugar-fed and newly emerged (NE) adults. Aedes aegypti is the primary vector of several emerging infectious diseases of global economic and public health significance including dengue, chikungunya, Zika and yellow fever. This mosquito species feeds predominantly on humans but is also known to feed on other vertebrate hosts (Scott et al. 1993; Barrera et al. 2012) . We found strong impact of host blood-meal source on composition of gut microbiota suggesting that host blood-meal-induced shifts in gut microbial community may be a key determinant of individual and population variation in vector competence.
MATERIALS AND METHODS

Experimental design
Laboratory colony of Rockefeller strain of Ae. aegypti was used in this study. Larvae are routinely reared in plastic trays in batches of approximately 200 individuals per tray and adults are maintained on 10% sucrose solution and blood-fed on citrated bovine blood (Hemostat Laboratories, Dixon, CA, USA). The rearing room is maintained at 14:10 light:dark cycle and 70% relative humidity. Larvae for this study were reared in plastic trays in batches of 200 individuals per tray and fed on a mixture of rabbit food and tropical fish food. Forty seven NE adult females were sacrificed and their midguts dissected as described below. Other eclosing adults were housed in eight plastic cylindrical cages (11 cm high x 9.5 cm diameter) in groups of approximately 500 adults. Adults from each cage were provided access to deionized (DI) water for the first 3 days post emergence. On day 4, adults from two cages were transferred into new paperboard cages (11 cm high x 9.5 cm diameter) in batches of 25-30 adult females and provided continuous access to 10% sucrose solution (sugarfed treatment). The remaining six cages were divided into three groups of two cages each and adults from each group were provided 1 hour access to one of three citrated blood meal types: human (Innovative Research, Novi, MI), rabbit or chicken blood (Hemostat Laboratories, Dixon, CA, USA). All blood samples were obtained from a single donor/animal. Artificial blood feeding was accomplished using a circulating water bath (HAAKE S7, Thermo-Scientific) that was set at 37
• C and connected via tubing to multiple glass feeders each with a mosquito feeding area of 154 mm 2 . A parafilm-M membrane was stretched over the lower portion of the inner chamber of each glass feeder and approximately 400 μL of blood was added to the funnel of the glass feeders. At least 200 fully blood engorged adult females from each treatment were transferred to new cages in batches of 25-30 adults and provided continuous access to DI water instead of 10% sucrose solution in order to tease out the effect of sugar meal versus blood meal. The mosquitoes were maintained at 27
• C, 14:10 light:dark cycle, and 70% relative humidity.
Three days post-blood meal, the mosquitoes from all treatments (including sugar-fed mosquitoes) were cold anaesthetized and a random sample of mosquitoes was selected for midgut dissection as described below. We reasoned that 3 days would be enough time for mosquitoes to digest the blood meal while also allowing us to capture any blood-meal-induced changes in microbial communities. Some mosquito samples fed on human blood had their midguts dissected 7 days post-blood meal to assess temporal changes in mosquito microbiota.
DNA extraction, library preparation and sequencing
Individual mosquito samples were cold anesthetized, rinsed once in 2% bleach solution for 10 min, twice in 1X sterile phosphate buffered saline (PBS) for 5 min, once in 70% ethanol for 5 min, and twice in sterile ultrapure distilled water (Invitrogen, Grand Island NY) before midgut dissection. Individual midgut samples were placed in sterile microcentrifuge tubes containing 100 μL of sterile PBS. The total number of midguts dissected and processed for sequencing in each treatment is shown in were cleaned and normalized using a SequalPrep TM normalization plate (Thermofisher inc, Waltham, MA). The samples were pooled and the library quantified with a Kapa library quantification kit (Kapa Biosystems Willington, MA). The samples were sequenced using an Illumina MiSeq system with a MiSeq V3 2 × 300 bp sequencing kit. The demultiplexed reads were quality trimmed to Q30 using CLC genomics workbench v8.5 (Qiagen inc., Valencia, CA). Read pairing, fixed length trimming and operational taxonomic unit (OTU) clustering was conducted using CLC Bio Microbial Genomics module (Qiagen Inc., Valencia, CA).
OTUs were assigned at 97% sequence similarity using the Greengenes ribosomal RNA gene database (DeSantis et al. 2006) .
Statistical analyses
Statistical analyses were conducted using R version 3.3.2 (https: //cran.r-project.org/bin/windows/base/old/3.2.3/) and PAST version 3.14 (Hammer, Harper and Ryan 2001) . Rarefaction curves were generated using the phyloseq package in R (McMurdie and Holmes 2013). These curves were generated using unrarefied data setting the maximum read depth to 10 000. For additional analyses described below, OTUs with less than 10 sequences were discarded to reduce the problem of spurious OTUs (Bokulich et al. 2013) . The remaining reads were rarefied to 1161 reads per sample to standardize the sampling effort. One hundred and fifty one midgut samples met this criterion (i.e. had ≥ 1161 sequences) and were used in subsequent analysis (Table  1) . Alpha diversity metrics for each sample including Shannon diversity index, observed OTUs (richness) and Chao1 were computed using vegan package in R (Oksanen et al. 2016) . Nonparametric Kruskal-Wallis test was used to test whether host blood-meal source had significant effect on gut microbiota of Ae. aegypti. Wilcoxon rank sum test with Bonferroni correction for multiple comparisons was used to separate significant means. Non-metric multidimensional scaling (NMDS) with Bray-Curtis similarity matrix values was conducted using vegan package. NMDS plots were generated using the phyloseq package to visualize within-group and between group differences in bacterial communities. Non-parametric permutation analysis of similarity (ANOSIM) test with Bonferroni correction was conducted in PAST version 3.14 to determine statistical significance. Indicator species analysis was conducted using labdsv package to identify the bacterial genera associated with specific host blood meal types. Indicator values range from 0 to 100% with a value of 100% indicating that the species occurs in all samples of a treatment and are specific to those samples (Dufrene and Legendre 1997) .
Nucleotide sequence accession numbers
All sequences were deposited in NCBI sequence read archive (SRA) database under the accession number PRJNA494958. 
RESULTS
Quality control and alpha diversity
MiSeq sequencing of 219 midgut samples targeting the V3-V4 region of bacterial 16S rDNA gene resulted in a total of 2634 946 (mean/sample = 12 031.72 ± 1367.23 (mean ± SE), minimum = 9, maximum = 121 375)) high quality reads. These reads were clustered at 97% sequence similarity threshold into 441 unique OTUs. Rarefaction curve analysis indicated that sequencing coverage of the bacterial communities was satisfactory for most samples but was not enough to achieve a plateau for all treatments ( Fig. 1) . NE adults had the steepest rarefaction curve with the highest taxa richness while sugar-fed adults had a rarefaction curve with the lowest taxa richness. Thus, if more bacterial sequences were sampled in the midguts of NE adults, more OTUs might be detected. To compare diversity between mosquitoes fed on different host blood meal types, we excluded OTUs with less than 10 sequences and normalized the sequence number of each sample to 1161 sequences. After this procedure, 153 OTUs belonging to 4 phyla, 38 families and 63 genera were retained.
Comparisons of the sequences using several alpha diversity metrics revealed significant differences between blood meal treatments (Table 1) . Based on Shannon diversity index, the gut microbial communities of NE adults and adults profiled 7 days after feeding on human blood were significantly more diverse than sugar-fed mosquitoes and chicken, rabbit or human blood-fed mosquitoes profiled 3 days post-blood meal (KruskalWallis chi-square = 28.96, df = 5, P < 0.0001). The observed and expected number of OTUs (Chao1) were also significantly higher among NE adults and adults profiled 7 days after feeding on human blood compared to the other treatments (observed OTUs: Kruskal-Wallis chi-square = 39.49, df = 5, P < 0.001; Chao1: chisquare = 32.20, df = 5, P < 0.0001).
Microbial composition and community structure
The four bacterial phyla identified in this study included: Proteobacteria (45.3%) consisting of Gammaproteobacteria (37.3%), Betaproteobacteria (5.3%) and Alphaproteobacteria (2.7%), Bacteroidetes (32.7%), Actinobacteria (21.8%) and Firmicutes (0.2%). Table 1 . Effect of blood meal type on bacterial alpha diversity in Aedes aegypti. NE, newly emerged adults. n1, total number of mosquito midguts dissected and sequenced, n2, total number of mosquito midguts retained for downstream analysis after excluding mosquito samples with low number of bacterial sequences, D3, day 3 post-blood meal, D7, day 7 post-blood meal. Figure 2. Relative abundances of bacterial phyla, families and genera associated with Aedes aegypti females across blood meal types. Bacterial families and genera with abundance of less than 2% were pooled together as 'Other'. NE, newly emerged adults. Human7 samples were profiled 7 days post-blood meal.
Actinobacteria was by far the most abundant bacterial phylum in NE and sugar-fed adults and the third most abundant phyla in mosquitoes fed human blood and profiled 7 days post-blood meal (Fig. 2) . Bacteroidetes was more abundant in mosquitoes fed on chicken blood, rabbit blood as well as in mosquitoes fed human blood and profiled 7 days postblood meal. Gammaproteobacteria was either the most or the second most abundant phyla in blood-fed mosquitoes (Fig.  2) . Betaproteobacteria was primarily abundant in NE adults and those fed on rabbit blood while Alphaproteobacteria was more abundant in sugar-fed mosquitoes. The top seven most abundant families accounted for 96.5% of the total sequences. These were Enterobacteriaceae (30.6%), Weeksellaceae (28.2%), Nocardioidaceae (24.7%), Microbacteriaceae (5.0%), Comamonadaceae (3.5%), Acetobacteraceae (3.3%) and Sphingobacteriaceae (1.2%). Enterobacteriaceae and Weeksellaceae were more abundant in blood-fed mosquitoes irrespective of host blood meal type. Enterobacteriaceae was especially more abundant in mosquitoes fed on human blood and profiled 3 days postblood meal while Weeksellaceae was especially more abundant in mosquitoes fed on chicken and rabbit blood. Microbacteriaceae was primarily abundant in NE adults and Acetobacteraceae was characteristic of sugar-fed mosquitoes (Fig. 2) . Nocardioidaceae was more abundant in NE, sugar-fed and human-fed mosquitoes that were profiled 7 days post-blood meal. Comamonadaceae was more abundant in NE adults and in adults fed on rabbit blood. (Fig. 2) . Serratia spp. was more abundant in humanfed mosquitoes especially those that were profiled 3 days postblood meal. Chryseobacterium spp. was characteristic of bloodfed mosquitoes irrespective of host blood meal type but was more abundant in mosquitoes fed on chicken blood as well as mosquitoes fed on human blood and profiled 7 days post-blood meal. Unclassified Nocardioidaceae was more abundant in NE mosquitoes, sugar-fed mosquitoes and mosquitoes fed human blood and profiled 7 days post-blood meal. Leucobacter spp. was characteristic of NE mosquitoes while unclassified Acetobacteraceae was characteristic of sugar-fed mosquitoes. Elizabethkingia spp. was found in most treatments but its abundance became more pronounced in mosquitoes fed on rabbit blood. Delftia spp. was more abundant in NE adults and in mosquitoes fed on rabbit blood. Unclassified Enterobacteriaceae occurred in low abundance among NE adults and became more pronounced among mosquitoes fed on chicken and rabbit blood. We used multivariate analyses, NMDS and ANOSIM to test for dissimilarities in microbial communities between host blood meal types. NMDS results showed that mosquito samples formed five distinct clusters based on blood meal treatment (Fig.  3) . This difference was significant with a non-parametric permutation analysis of similarity (ANOSIM) test (Global R = 0.62, P = 0.0001). Seven out of the 15 ANOSIM pairwise comparisons had R values ≥ 0.75 indicating substantial differences in microbial community structure while the remaining eight had R values ranging from 0.27 to 0.66 indicating varying degree of overlap but generally different community structure (Table 2) .
Indicator species
Indicator species analysis revealed 31 bacterial genera that were strongly associated with specific treatment groups (Table S1 , Supporting Information). Out of the 31 genera, only eight had an indicator value ≥50%. These were Chryseobacterium spp., Serratia spp., Sphingomonas spp., unclassified Comamonadaceae, Leucobacter spp., Elizabethkingia spp., unclassified Acetobacteraceae Table 2 . R values for ANOSIM pairwise comparisons by blood meal type. All pairwise comparisons were significant at P < 0.001 after Bonferroni correction for multiple comparisons. NE, newly emerged adults. D3, day 3 post-blood meal, D7, day 7 post-blood meal. and Pseudomonas spp. Leucobacter spp. was strongly associated with NE mosquitoes, Chryseobacterium spp. with mosquitoes fed on chicken blood, Elizabethkingia spp. with mosquitoes fed on rabbit blood and Serratia spp. on mosquitoes fed on human blood (3-days post feeding). Pseudomonas spp. and unclassified Acetobacteraceae were characteristic of sugar-fed mosquitoes while Sphingomonas spp. and unclassified Comamonadaceae were strongly associated with mosquitoes fed on human blood and profiled 7 days post-blood meal.
DISCUSSION
The microbial communities in the guts of hematophagous insects provide many essential functions for the host, and their composition and diversity can be influenced by a variety of genetic and environmental factors. Although the gut bacterial community of diverse hematophagous insects such as mosquitoes, sandflies and tsetse flies has been characterized (Minard, Mavingui and Moro 2013; Soumana et al. 2013; Fraihi et al. 2017) , few studies have attempted to investigate the factors that influence this bacterial community. In this study, we used the yellow fever mosquito Ae. aegypti as a model system to examine for the first time how host blood-meal source influences the composition and diversity of mosquito gut microbiota. To accomplish this, we characterized and compared the gut microbiota of adult females that were fed on human, chicken or rabbit blood with those of sugar-fed and NE adults. We found that the bacterial composition in mosquito midguts shifted in response to host blood-meal source and that sugar-fed and blood-fed mosquitoes had significantly lower bacterial diversity relative to NE adults, with the lowest diversity occurring in sugar-fed mosquitoes. Additionally, the bacterial diversity of mosquitoes fed on human blood and profiled 7 days post-blood meal had similar levels of bacterial diversity as the NE adults suggesting that the level of gut bacterial diversity can be restored to the original pre-blood meal levels once the blood meal is digested. NE adult mosquitoes acquire gut microbiota by imbibing water from the larval habitats or through transstadial transmission from pupae (Coon et al. 2014; Lindh, Borg-Karlson and Faye 2008; Chen, Bagdasarian and Walker 2015) . The gut bacterial diversity is known to decrease dramatically after sugar-feeding or bloodfeeding because the two diet regimes tend to favor proliferation of some bacterial taxa over others (Wang et al. 2011; Muturi et al. 2016a ).
Our findings that host blood-meal source can alter bacterial communities in mosquitoes are similar to those reported in ticks where Ixodes pacificus Cooley and Kohls, ticks fed on western fence lizards Sceloporus occidentalis had different wholebody microbial composition relative to ticks fed on mice (Swei and Kwan 2017) . The impact of sugar-meal and blood meal on mosquito-associated bacterial communities has also been reported before with variable results. Villegas et al. 2018 , reported that whole body microbiota of Ae. aegypti was significantly more diverse among blood-fed (mouse blood) mosquitoes (Shannon diversity = 8.43) compared to sugar-fed mosquitoes (Shannon diversity = 8.00), which is consistent with our results. Wang et al. (2011) reported similar reduction in gut bacterial diversity in An. gambiae Giles following sugar feeding and blood feeding, but unlike our study where sugar-fed mosquitoes had the lowest diversity, they found significantly higher bacterial diversity in sugar-fed mosquitoes compared to blood-fed mosquitoes. Similarly, sugar-fed (Shannon diversity index = 2.37) Ae. albopictus mosquitoes had more diverse cultivable bacterial communities than blood-fed (Shannon diversity index = 2.17) mosquitoes (Yadav et al. 2016) . These findings suggest that the effect of diet type (i.e. sugar-and blood-meal) on mosquito-associated bacterial communities may vary by mosquito species. Differences in experimental conditions may also have contributed to the observed differences. In Wang et al. (2011) study, An. gambiae were reared under semi-field conditions, blood-fed on live animal (rabbit), and comparisons made between 3-day old sugarfed mosquitoes versus blood-fed mosquitoes dissected 2, 4 and 7 days post-blood meal. In Yadav et al. (2016) study, field-collected Ae. albopictus populations were blood-fed on a rabbit and dissected 24 hours post-blood meal or sugar-meal.
Differences in microbial composition and diversity between sugar-fed and blood-fed mosquitoes are to be expected because metabolism of carbohydrate-rich sugar and protein-rich blood may create different gut conditions that may trigger differential proliferation of bacterial taxa (Wang et al. 2011) . In particular, catabolism of blood meal leads to generation of reactive oxygen species which may alter the midgut bacterial composition and diversity (Souza et al. 1997; Wang et al. 2011) . Different host blood meal types are also known to differ in their total protein, hemoglobin and hematocrit content, which may lead to differential proliferation of microbial taxa. For example, chicken blood has much lower content of total protein, hemoglobin and hematocrit than mammalian blood (Sant'Anna et al. 2010) . Hemoglobin levels are also significantly higher in human blood relative to rabbit blood (Sant'Anna et al. 2010) . In addition, studies on microbiota of An. coluzzii have shown that following a blood meal, mosquitoes restore their gut homeostasis by excreting bacteria with the blood bolus and this process can result in 98% reduction in bacterial loads (Rodgers et al. 2017) . Thus, the bacterial taxa that dominate in a particular blood meal treatment are likely those that escape physical removal with the blood bolus and are better able to survive the redox conditions resulting from catabolism of a particular blood meal type and to exploit available resources. These factors may explain why bacterial taxa such as Chryseobacterium spp., Serratia spp., Sphingomonas spp., unclassified Comamonadaceae, Leucobacter spp., Elizabethkingia spp., unclassified Acetobacteraceae and Pseudomonas spp. were strongly associated with specific treatment groups. These bacterial taxa are commonly reported in mosquitoes, but this is the first report of their differential response to host blood-meal source (Apte-Deshpande et al. 2012; Bando et al. 2013; Chandel et al. 2013; Coon et al. 2014; Ngo et al. 2015; Muturi et al. 2016a,b; Muturi et al. 2018) .
Acetobacteraceae are known to be adapted to sugar-rich and ethanol-rich environments and are commonly associated with insects that rely on sugar-based diets including mosquitoes (Crotti et al. 2010; Muturi et al. 2016a) . The strong association of Acetobacteraceae with sugar-fed mosquitoes in the current study is therefore not surprising. Elizabethkingia spp., is a glucose degrader and has especially been shown to thrive in laboratoryreared mosquitoes probably due to the use of sugar as a food source for lab-reared mosquitoes and the low bacterial diversity in lab-reared mosquitoes which enables this bacterium to thrive under limited competition from other bacterial species (Kampfer et al. 2011; Boissiere et al. 2012; Terenius et al. 2012 ). In the current study, Elizabethkingia spp. was found in all treatments but was particularly abundant in mosquitoes fed on rabbit blood. Although not statistically significant, mosquitoes fed on rabbit blood had the lowest bacterial diversity among the blood-fed mosquitoes which may point to reduced competition as a possible mechanism supporting proliferation of this bacterium in mosquitoes fed on this blood meal type. Leucobacter spp. was strongly associated with NE mosquitoes suggesting that adults may acquire them through transstadial persistence. A previous study reported that Leucobacter spp. was nearly absent from adult mosquitoes, rare in water from the larval environment, and highly abundant in mosquito larvae suggesting that transstadial acquisition of this bacterial genera is possible (Coon et al. 2014) .
Chryseobacterium, Pseudomonas and Serratia spp. are found both in larval and adult mosquitoes (Rani et al. 2009; Coon et al. 2014) . Chryseobacterium spp. was detected in blood-fed mosquitoes irrespective of blood meal type but was more strongly associated with mosquitoes that were fed on chicken blood. A recent study investigating the gut microbiota of the Asian tiger mosquito Ae. albopictus Skuse across life stages also found a member of this genus, Chryseobacterium rhizoplanae to occur only in blood-fed individuals (Yadav et al. 2016) . A similar study in Ae. aegypti reported the dominance of Chryseobacterium spp. in blood-fed mosquitoes (Coon et al. 2014) . Our results are therefore consistent with the literature but also indicate that host blood-meal source has a strong impact on this bacterium. Members of the family Enterobacteriaceae such as Serratia are also commonly isolated from the midguts of mosquitoes and other hematophagous insects and their population is known to increase following a blood meal likely due to their ability to cope with oxidative stress in the blood bolus (Wang et al. 2011) . Serratia spp. and Enterobacter spp. have strong hemolytic activity and are believed to play a role in lysis of red blood cells to facilitate blood meal digestion (Simi et al. 2003; Azambuja,Feder and Garcia 2004; Gaio Ade et al. 2011) .
Several functional studies have shown that pathogen infection is enhanced or suppressed in vectors harboring specific bacterial species. Serratia marcescens, Chrysobacterium spp., Enterobacter cloacae, Enterobacter amnigenus, Comamonas spp., Pseudomonas stutzeri and Pseudomonas aeruginosa have been shown to confer anti-Plasmodium activity in Anopheles mosquitoes (Pumpuni et al. 1993; Pumpuni et al. 1996; Gonzalez-Ceron et al. 2003; Dong et al. 2009; Bando et al. 2013; Tchioffo et al. 2013) . Serratia odorifera enhances susceptibility of Ae. aegypti to dengue 2 virus while Enterobacter ludwigii and Pseudomonas rhodesiae isolated from the digestive tract of Ae. albopictus have been shown to inhibit La Crosse virus in vitro (Joyce et al. 2011; ApteDeshpande et al. 2012) . These findings suggest that variability in microbial communities induced by host blood-meal source can have profound effects on vector competence and may be a key factor responsible for individual and population variation in vector competence in nature (Bennett et al. 2002) . Mosquitoes are known to blood feed on a variety of vertebrate hosts and thus, blood-meal induced variation in vector competence likely plays an important role in transmission dynamics of mosquito-borne diseases (Apperson et al. 2004; Muturi et al. 2008) .
Because female mosquitoes may take multiple blood meals during their life time, blood-meal-induced changes in vector competence may occur during the first blood-meal where the ingested pathogen is enhanced or suppressed depending on how it interacts with the bacterial species that thrive on the imbibed blood-meal source. These effects may also carry over to subsequent blood meals if changes in gut microbiota associated with the first blood-meal makes the vector more or less susceptible to a particular pathogen during subsequent blood meals. Blood-meal source may also affect disease transmission dynamics by altering other components of vectorial capacity. For example, blood-meal source is known to influence fecundity and egg hatch rate which may in turn affect vector densities (Paris et al. 2018, Richards, Anderson and Yost 2012) .
In summary, our results demonstrate for the first time that host blood-meal source can alter the composition of bacterial communities that reside in mosquito midgut. These changes may fundamentally impact pathogen transmission since different bacterial taxa have varying effects on vector susceptibility to a variety of mosquito-borne pathogens. Further studies are needed to clarify how host blood-meal source and associated changes in gut microbiota influences vector competence for different mosquito-borne pathogens. These studies should be conducted with field-collected mosquito populations since they have significantly higher microbial diversity than laboratory colonies (Boissiere et al. 2012) and could therefore reveal how a wide range of bacterial taxa respond to blood meals from different vertebrate host species and ensue effects on vector competence. These studies could provide insights into the contribution of host blood-meal source to natural variation in vector competence and guide the discovery of bacterial communities that could be harnessed for symbiotic control of mosquito-borne diseases.
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